(19) 



JEuropaisches Patentamt 



(12) 
(45) 

(21) 
(22) 



Office europeen des brevets EP 0 401 384 B1 

EUROPEAN PATENT SPECIFICATION 



Dale of publication and mention 
c' tne grant o' the patent 
13.03.1996 Bulletin 1996/11 

Application numoer 90900360.0 

Dale of tiling 22.12.1989 



(51) intci6 C07K 14/00. C07K 1/00, 
A61K 38/00 

(86) Iniernationai application nunnber 
PCT/JP89/01292 

(87) International publication number 

WO 90/06952 (28.06.1990 Gazette 1990/15) 



(54) CHEMICALLY MODIFIED GRANULOCYTE COLONY STIMULATING FACTOR 

CHEMISCH MODIFIZIERTE GRANULOCYTENKOLONIE ERREGENDER FAKTOR 

FACTEUR DE STIMULATION DE COLONIES DE G RANULOCYTES MODIFIES CHIMIQUEMENT 



00 
CO 



o 
o 

Q. 
LLI 



(84) Designated Contracting States 

AT BE CH DE ES FR GB IT LI LU NL SE 

(30) Priority 22.12.1988 JP 324747/88 
31.07.1989 JP 199176/89 

(43) Date of publication of application. 
1 2. 1 2. 1 990 Bulletin 1 990/50 

(73) Proprietor Kirin-Amgen: Inc. 

Thousand Oaks California 91320 (US) 

(72) Inventors' 

• ISHIKAWA, Rika 
Tokyo 189 (JP) 



• OKADA, Yuj! 
Gunma-ken 371 (JP) 

• KAKITANI, Makoto 
Gunma-ken 371 (JP) 

(74) Representative Brown, John David 
FORRESTER & BOEHMERT 
Franz-Joseph-Strasse 38 
D-80801 Munchen (DE) 



(56) References cited 
JP-A- 1 316 400 
JP-A-57 192 435 



JP-A- 6 310 800 



• No further relevant documents have been 
disclosed. 



Note Within nine months from the publication of the mention of the grant o^ the European patent any person may give 
nonce to the European ^^^atent Office of opposition to the European paten: granted Notice of opposition shall be fiied in 
a written reasoned statement It shall not be deemed to have been filec until the opposition fee has been paid (Art 
99;^ j European Patent Convention) 



EP 0 401 384 B1 



Description 

CHEMiCAL^v.MOOIFiED G-CSF 
5 Technics' '^leid 

The present invention relaies to a cnennicai nnodification of granulocyte colony-stimuiating factor (G-CSF) by which 
:hGmicai ana.or physiological oropertics of G-CSF can Dc changed 

1C BriCkground Art 

Human G-CS<^ is one of hacnnatopoietic growth factors It has boon shown to be present in the conditioned medium 
of a human biadoer carcinoma ceh line denominated 5637 (ATCC HT5-9; (Welte et al Proc Natl Acad Sci (USA). 
82 pp 1526-1530 (1935); The determination of a DNA sequence encoding human G-CSF (Japanese Patent Applica- 
nt lion ^aying Open KOHYO No. 500636/85) has enaoled the production of human G-CSF by means of recombinant 
genetic techniques 

Human G-CSF may be useful in the treatment of general haematopoietic disorders including those arising from 
chemotherapy or from radiation therapy It may be also useful in bone marrow transplantation Wound healing burn 
tioatmen: anc the treatment of bacterial inflammation may also benefit from the application of human G-CSF (Welte et 
20 al supra ) 

It IS generally observed that ohysiologically-activc proteins administered into body can show their pharmacological 
activity only for a short period of time due to their high clearance rate in body Furthermore, high hydrophobicity of the 
proteins would reauce their stability 

For the purpose of decreasing the clearance rate improving in stability or abolishing antigenicity of the proteins. 

25 scimo methods have been proposed wherein the proteins are chemically modified by using polyethylene glycol Japanese 
.^atent Application Laying Open KOHYO No 259522/57. for EXAMPLE discloses the reduction in tmmunogenicity of 
TNF which has been modified by polyethylene glycol Japanese Patent Application Laying Open KOHYO No 5031 71/57 
discloses with respect to IL-2 and IFN-ji the reduction in immunogenicity and aggregating property in an aqueous so- 
lution and the prolongation of halt-life in blood. In addition, there are disclosed the prolongation of half-life in blooc and 

30 the disappearance of antigenicity or immunogenicity owing to tne modification by polyethylene glycol with respect to a 
plasminogen activator (Japanese Patent Application Laying Open KOHYO No 60935/36) IL-2. IFN-yand SOD (Japa- 
nese Patent Application Laying Open KOHYO No. 1 0800/88), and lAP (Japanese Patent Application Laying Open KO- 
HYO No, 126900/88) 

However, these prior arts have not disclosed an improvement in biological activity and pharmacokinetics which 
35 may be expected as a result of the modification of human G-CS^ by polyethylene glycol 

Accordingly it has been desired to prolong the half-life of human G-CSF in body so as to enhance i:s lasting effect, 
as may be expected Furthermore. G-CSF which may accelerate to recover from neutropenia sooner has been desired 

Disclosure of Invention 

40 

After vigorous investigations in order to solve the above problems, the present inventors have now found that the 
above desire can be realized by b nding polyethylene glycol to human G-CSF. and have completed the present invention 

Any purified and isolated human G-CSF which is produced by host cells such as F colt and animal cells transformed 
by using recombinant genetic techniques may be used in the present invention. 
-^5 Among them, the human G-CSF which is produced by the transformed E coli is particularly preferable Such human 

G-CSF may be obtained in largo quantities with high purity and homogeneity anc substantially has the following ammo 
acic sequence 

50 
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( H e t J n 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin 
Ser Phe Leu Leu Lys Cys Leu Glu Gin Val Arc 
,c Lys lie Gin Gly Asp Gly Ala Ala Leu Gin Glu 

Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro 
GluGluLeuVal LeuLeuGlyHisSerLeuGly 
lie Pro Trp Ala Pro Leu Ser Ser Cys Pro Ser 
20 Gin Ala Leu Gin Leu Ala Gly Cys Leu' Ser Gin 

Leu His Ser Gly Leu Phe Leu Tyr Gin Gly Leu 
Leu Gin Ala Leu Glu Gly lie Ser Pro Glu Leu 
Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Va! 
3c Ala Asp Phe Ala Thr Thr lie Trp Gin Gin Het 

Glu Glu Leu Gly Het Ala Pro Ala Leu Gin Pro 
3. Thr Gin Gly Ala Het Pro Ala Phe Ala Ser Ala 

Phe Gin Arg Arg Ala Gly Gly Val Leu Val Ala 
Ser His Leu Gin Ser Phe Leu Glu Val Scr Tyr 
Arg Val Leu Arg His Leu Ala Gin Pro 
45 ( n - 0 or 1 } 

The above human G-CSF may for example be prepared according to a method disclosed in Japanese Patent 
Application Laying Open KOHYO No.500636/3S The wordings "substantially has the following amino acid sequence" 
mean that the above amino acid sequence may include one or more amino-acid changes {deletion, addition^ insertion 
or replacement) as long as such changes will not cause any disadvantageous non-similarity in function to a naturalty-oc- 
5C curring human G-CSF 

I: IS more preferaole to use tne human G-CSF substantially having the above amino acid sequence m v^nich at 
leas' one lysine aspartic acid or glutamic acid residue is included 

According to the present invention polyethylene glycol is covalcntly bound through ammo acid residues of the 
polypeptide of human G-CSF The amino acid residue may be any reactive one having, for example free ammo or 
5^ carboxyl groups to which a terminal reactive group o^ an activated polyethylene glycol may be bound The amino acid 
residues having the free amino groups may include lysine resiaues and N-terminal aminoacid residue and those having 
tne free carboxyl group may include aspartic acid glutamic acic residues and C-terminal aminoacid residue 

A molecular weight of tne polyethylene glycol usee in tne present invention is not restricted to any particular range. 
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being however normally ot from 500 - 20 000 and preferably of from 4,000 - 10 000 

Polyelnylene glycol is bound onto human G-CSF via its terminal reactive group (or "a spacer") Polyethylene glycol 
having the spacc^ is hereinafter rcforrec to as "an activated polyethylene glycd" The spacer for example, is tha: whicn 
mediates a bone between the free amino or carboxyl groups and polyetnylene glycol The activated polyethylene giyco. 
which may oe bound to the free ammo group includes N-hydroxysuccinylimtde polyethylene glycote having the following 
formula 



CH3O (C2H4O) nCOCH2CH2COON 



which may be prepared by activating succinic acic ester of polyethylene glycol with N-hydroxysuccinylimide Another 
activated polyethylene glycol which may be bound to free ammo group is 2.4-bis(0-methoxypolyethyieneglycol)-6-chlo- 
ro-s-tria/ine having the following formula 




O- (CH2CH2O) n-CH3 



N 

01-^ 'n 



O- (CK2CH2O) n-CH3 



which had been prepared by reacting polyethylene glycol monomothyl ether with cyanuric chloride The activated pol- 
yethylene glycol which is bound tothe free carboxyl group includes polyoxyethylenediamine having the following formula' 

The cnemical modification through a covalent bond may be perlormed under any suitable condition generally adopt- 
ed in a reaction of a biologically active substance with the activated polyethylene glycol In case where the reactive 
amino acid residues m human G-CSF have the free amino groups, the above modification is preferably carried out in a 
buffer solution such as phosphate and borate (pH 7.5 - 10 0) for 1 - 5 hrs at 4 - 37^C. The activated polyethylene glycol 
rTiay be used in 1 - 200 times, preferably 5 - 50 times the molar amount of the number of free ammo groups of human 
G-CSF On the other hand iri case where the reactive ammo acid residues in human G-CSF have the free carboxyl 
groups the above modification is preferably carried out in pH 3 5 - 5 5. for example the modification with polyoxyeth- 
ylenediamine IS carried out in the presence of carbodiimide (pH 4 0 - 5 0) for 1 - 24 hrs at 4 - 37°C The activated 
polyethylene glycol may be used in 1 - 200 times the molar amount of the number of free carboxyl groups of human 
G-CSF 

The extent of the modification of the amine acid residues may be optionally controlled depending on an amount of 
the activated polyethylene glycol used m the modification 

A polyethylene glycol-modified humian G-CSF namely chemically modified protein according to the present inven- 
tion may be purified from a reaction mixture by conventional methods which are used for purification o' proteins such 
as diaiy&is salting-out ultrafiltration, lon-exchange chromatography, gel chromatography and electrophoresis Ion-ex- 
Change chromatography is particularly effective in removing unreacted polyethylene glycol and human G-CSF 

The present polyethylene glycol-modificd human G-CSF has lasted its pharmacological effect which may be pos- 
sibly attriDutec to its prolonged half-life in body 

Furtnermore. it is observed that tne present polyethylene glycol-modified human G-CSF may accelerate the recovery 
from neutropenia 

The present polyethylene glycol-modified human G-CSF has essentially the same biological activity as an intact 
human G-CSF and may accordingly be used in the same application as that The polyethylene glycol-modif led human 
G-CSF has an activity for increasing the numbe^ o^ neutrophils and it is therefore useful in the treatment o* general 
haematopoietic disoraers includmg those arising from chemotherapy or from radiation therapy. It may be also useful in 
tne treatment o' infection and under receiving the tnerapy of bone marrow transplantation 

The present polyethylene glycoi-modifiod human G-CSF may be formulated into pharmaceuticals containing also 
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a pnarmaccjtically acccpiabic diluent an agent fof preparing an isotonic solution a pH-conditioncr and tnc like in order 
lo administer tnen^- intc a patient 

The above Dbarmaceuticals nnay be adnninistcred subculaneously intramuscularly intravenously or oraliy dcpcnd- 
inc on a purpose o' treatment. A dose may be also cnangec or a Kind anc condition of the disorder ol a patient to be 
5 treateo being normally between 0 1 and 5 mg by injection and between 0 l mg and 5 g in an orai administration for 
an adul* 

Bric' Descnotion o^ Drawings 

ic FIG 1 snows scanning patterns of PEG (4.500; G-CSF obtained by SDS-PAGE The molar ratio of the activated 

PEG to the free ammo groups of the human G-CSf^ is 0 for (a) 1 tor (b) 5 for (c) 10 for (d) and 50 tor (e) respectively. 
The peak of the intact human G-CSF is marked with * 

FIG 2 shows the time course of the change in number o' neutrophils in mice after administratton with human G-CSF 
or PEG-modified G-CSF Each point represents an average value obtained from six mice with a standard deviation 
7f F^G 3 snows an accelerating effect of PEG-modified human G-CSF on the recovery from, neutropenia inauced by 

cyciophosphamiae Each pom! represents an average value obtained tromi six mice with a standard deviation 

FIG 4 shows an accelerating effect of PEG-modified G-CSF on the recovery from neutropenia induced by 5-FU 
Each point represents an average value obtained trom six mice with a standard deviation 

FiG 5 shows the results obtained in the study ot half-life in serum of PEG (10 000) G-CSF (C) anc human G-CSF 
2C (•) Each point represents an average value from three rats with a standard deviation 

Best Mode for Carrying Out the Invention 

The present invention will be further illustratcc by referring to the following EXAMPLES which^ however are not be 
25 construed as limiting the scope of the present invention 

EXAMPLE 1 

Preparation of PEG (4 500) G-CSF 

3C 

Recomoinant human G-CSF (Japanese Patent Application Laying Open KOHYO No 500635/55) having the fol- 
lowing ammo acid sequence was used for the chemical modification according to the present invention: 
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He T 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin 
Sep Phe Leu Leu Lys Cys Leu Glu Gin Val Arg 
Lys lie Gin Gly Asp Gly Ala Ala Leu Gin Glu 
Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro 
Glu Glu Leu Val Leu Leu Gly His Ser Leu Gly 
lie Pro Trp Ala Pro Leu Ser Ser Cys Pro Ser 
Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser Gin 
Leu His Ser Gly Leu Phe Leu Tyr Gin Gly Leu 
Leu Gin Ala Leu Glu Gly lie Ser Pro Glu Leu 
Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val 
Ala Asp Phe Ala Thr Thr lie Trp Gin Gin Het 
Glu Glu Leu Gly Het Ala Pro Ala Leu Gin Pro 
Thr Gin Gly Ala Het Pro Ala Phe Ala Ser Ala 
Phe Gin Arg Arg Ala Gly Gly Val Leu Val Ala 
Ser His Leu Gin Ser Phe Leu Glu Val Scr Tyr 
Arg Val Leu Arg His Leu Ala Gin Pro 

As tnc activated polyothyicnc glycol (PEG) was used Methoxypolyethyleneglycol'Succinimydyl Succinaie (Nippon 
Oil and Fats. Co Lid ) which had been prepared by activating a succinic acid ester of polyethylene glycol with an 
average molecular weight of about 4.500 with N-hydroxysuccinylinnide 

The human G-CSF was incubated in 0.25 M sodium borate buffer (pH B 0) for 1 hr al 4=^0 with the activated PEG 
5C ml- 50 tiroes the nnolar amount of tne numoer of the free ammo groups in the human G-CSF The resulting product 
was applied to Sephaoex G25 whicn nad been equilibrated with 10 miM NH4HCO^ for buffer-exchange and tnen to 
DEAE lon-exchange chromatography so as to separate the PEG-modified human G-CS^ from tne agent and if neces- 
sary an unrcacted human G-CSF The resultant PEG-modified human G-CSF ts hereinafter referred to as "PEG (4.500) 
G^CSF". 

55 
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EXAMPLE 2 

Characterization of PEG ^4 500) G-CSF 

5 PEG (4 500) G-CSF prepared in EXAMPLE 1 was characterized by the number of unnnoditied ammo groups and 

a molocuta: weight estimated by SDS-PAGE 

The number of the unmodified ammo groups was determined by reacting them with 0 1% TNBS in 4^Jq NaHCO^ 
followed by measurement of aosoroancc at 335 nm (Haoecb et al. Anal Biocnem J_4 pp 325-335 (1966)) 

The molecular weight of PEG (4.500) G-CSF was determined by SDS-PAGE (l6"o gel CBB staining; according to 
n a mctnoo of Laemli Nature 227 p 530 1970 Each lane on tnc gel was scanncc Dy using a chrom,ato-scannGr (SHI- 
MAD2U CORPORATION CS-9301 after staining 

When a molar ratio of the activated PEG to the number of free ammo groups of human G-CSF increased the extent 
ot tne modification also increased The product prepared in said molar ratio of 1 has in addition to a band corresponding 
to an intact human G-CSF ( 1 9 K) another band with an apparent molecular weignt of about 26 K (FIG 1 ) Witn respect 
75 to the product prepared in the molar ratio ot 5 o^ more a band with a higher molecular weight was observec besides 
the above two bands By scanning the resulting gel. a content of each band was determined From the result in TABLE 
1 It IS estimated that the band of 26 K consists of human G-CSF wherein one human G-CSF molecule is bound with 
one activated PEG molecule and that a band of 34 K consists of human G-SCF wherein one human G-CSF molecule 
IS bound with two activated PEG molecules 

2C 

TABLE 



Characterization of PEG 14 500) G-CSF 


PEG/NHo 


Distribution 


Modified NH^ (%) 


Unmodified NH- (an average number) 


19K 


26K 


34 K 


1 


S6 


12 




5 


4 E 


2 


6e 


31 


1 


15 


4.3 


3 


56 


42 


2 


15 


4 3 


4 


36 


48 


16 


20 


4,0 


5 


31 


49 


20 


27 


3.7 


6 


25 


50 


25 


27 


3,7 


7 


20 


50 


28 


27 


3.7 



It was found that based on patterns obtained by SDS-PAGE of the fractions from the lon-exchange chromatography 
(shown tn FIG 1 ) that the human G-CSF with a higher modification extent was eluled faster from a column and that the 
fraction finally cluted therefrom contained the intact human G-CSF. 

The scanning patterns by SDS-PAGE of PEG (4,500) G-CSFs including those obtained with a higher molar ratio of 
PEG/NH2 arc shown in FIG 1 

EXAMPLE 3 

Preparation o^ PEG MO 000; G-CS'^ 

The same human G-CSF as used in EXAMPLE 1 was modiliec by an activated polyethylene glycol (an activated 
PEG 2. Seikagaku Kogyo K K ) with a molecular weight of about 10 000 having the following formula 

0- (CH2CH2O) n-CH3 



50 




55 O- (CH2CH2O) n-CH3 

which hac been prepared by reacting polyethylene glycol monomethyl ether with cyanuric chloride 
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The human &-CSF was in:uDatGa with the activated PEG 2 of 5 times ot the molar of the number of the free ammo 
groups of the human G-CSF in 0.25 M sodium borate buffer solution (pH 10 0) for 1 hr at room temperature. The resulting 
oroducl was applied to Scohadex G25 which had Dccn equilibrated with 10 mM NH4HCO2 for buffer-exchange and 
:nen to DEAE lon-exchange cfiromatography to separate the PEG-modifiec human G-CSF from an unreacteo human 
^ 3 ■ :;S-^ anc reagen: The estimation ot a molecular weight of the proouc* by SDS-PAGE as in EXAMPLE 2 has revealed 
;nal i:s average moiecula^ weight is about 45 K with distributee among 3C K (lO°o) 40 K, (TO'^o) and 66 K (20"".^) The 
resulianl PEG-modified human G-CSF is hereinafter referred to as "PEG (10.000) G-CSF" 

Moreove.' the human G-C3F was incubated with the activatec PEG 2 of 1 0 times o' the molar of the numbe- of free 
amine groups o' tne human G-CSF in 0.25 M sodium borate buffer solution (pH IC 0) for 2 nrs at room temperature 
ic Tnc resulting proouc! was suticcied to separation in the same manner as stated above 

I: IS estimated in the same n-ianner as in EXAMPl-E 2 that the product of 30 K consists of human G-CSF wherein 
orio human G-CSF molecule is coupied with one activated PEG molecule 

Furthermore the human G-CSF was incubated with the activated PEG 2 of 50 times o' the molar amount of the 
numbe^ of tree amino groups of the human G-CSF 
It ihe est maticm of a molecular weighl of the resulting products by SDS-PAGE as in EXAMPLE 2 has revealed that 

Its average molecular weight is about 51 K with distributed among 40 ^ ;55 ^/o) and 66 K 142 %) 

E ^ AMPLE 4 

20 Piopdration of PEG i4 OOP) G-CSF 

PEG-modified human G-C SF was prepared by covalently binding an activated polyethylene glycoi or polyoxyeth- 
vleneoiamtne with an average molecular weight of 4.000 (Nippon Oil and Fats Co Ltd.; to the above human G-CSF 
through the free carboxyl group thereof. 

2S The human G-CSF and the activated polyethylene glycol of 60 times of the mola' of the number of the free carboxyl 

groups of tne human G-CSF were incubated in the presence of 0 05 M 1 -ethyl-3-{3-dimethylaminopropyl)carbodiimide 
at .-i room temperature for overnight The reaction was terminated by adding 1 M sodium acetate (pH 4 75) and 'urther 
in_utated at 25°C in the presence of 0.5 M hydroxyamtne for 5 hrs in oroc to regenerate tyrosine residues The resulting 
pioduct was subjected to gel chromatography on TSK G3000SW which had been equilibrated with 10 mM sodium 

3C acetate (pH 5 5) to separate the PEG-modtfied human G-CSF from an unreacted human G-CSF and reagent The 
estim.ation of a molecular weight of the product by SDS-PAGE as in EXAMPLE 2 has revealed that its molecular weight 
IS distributed among 27 K (70%). 35 K (20°.o) and 42 K (1 O^o) The resultant PEG-modified human G-CSF is hereinafter 
referred to as "PEG (4 000) G-CSF". 

3£ E> AMPLE 5 

!r. V'7v^G bioiogical assay of PEG ('4 500) G-CSF 

Male ICR mice (Expenm.enl f: 4 weeks old Experiment II 6 weeks old) were used for in vivc assays for pharma- 
■io coiogical activity of PE 3 (4 500) G-CSF obtained in EXAMPLE 1 . Samples of the intact human G-CSF and PEG (4,500) 
G-CSF were intravenously injected into mice at a dose of l 0 fag or 100 ^ig protein.^kg At 24 hrs 1 10 ug protein/kg) or 32 
hrs ( ^00 prote^n/Kg) after the injection, blood was col ccted from orbital vein and leukocytes were counted by an auto 
blood cell counter E-2000 (Toa Medical Electronics Japan) At the same time blood smear was subjected to 
Wnght-Giemsa statn and leukocytes fraction was determined by an auto blood cell analyzer MICROX (OMRON TATEISI 
ELECTRONICS CO ) -o coun: the number of neutrophils The results are summarized -n TA3LE 2 beiow 

In TABLE 2 PEG (4.500) G-CSF (V) is a product obtained in the reaction wherein the molar ratic. of the activated 
PEG / the free amino group was five (FIG 1 C) PEG (4,500) G-CSF (2) is a 26 K fraction obtained from DEAE :on-ex- 
change chromatography, and PEG (4,500) G-CSF (3) is a high molecular fraction (25 < 14% 34 K 55% >34 K:2e%) 
obtained from said DEAE lon-exchange chromatography 
5C From the above ^esults. i: is observed that the number of neutrophils in the mice injected with PEG (4.500) G-CSFs 

(1 ) (2i and (3) have been much more increased than those in the mice injected with the intact G-CSF Especially PEG 
(4 500) G-CSFs (1 ) and (3) with a higher extent of the mcxJification showed a remarkable increase m the number of 
neutrophils 

When human G-CSF is injected into mice at a dose of 10 ug protcin/kg. the number of neutrophils increases and 
5f generally at 5 - t 2 hrs after the injection it gets to the maximum After that the number of neutrophils decreases slowly 
to a basal level about 30 hrs after injection. When 10 fag protein/Kg injection. 24 hrs corresponds to the time span as 
normally required tor the number of neutrophils which has once increased to again decrease almost to a basal level In 
tnc case o' 100 ug protein/kg injection, based on the above the time fo^ collection of blood (32 hrs after the injection) 
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was clotGrmincd Accordingly tnc above rcsLilt that the numbers of neutrophils in the mice injected with PEG (4.500} 
G-CS-s M }. (2 ( and (3; are higne^ than those in tne mice injectea with the intact hG-CSF may indicate tnat the activity 
of numan G-CSF in mice has been lasted by the present modification 

A mixture o' human G-GSf^ and PEG did only showthe san-ie result as the intact human G-CS!^ ( Data are no: snownj 



TABLE 2 





Pharmacological activity (in vivo) of PEG-modified human G-CSF 




Group 




neutropnils ( lO*"/).!!, 


Raiio (to vehicle) 


7C 


a 1 0 Liq/kq 










<Exp l> 










vehicle 


5 


5 6±1 0 


1 0 




control G-CSF 


6 


9 6±1 4 


1 7 


75 


PEG'4500) G-CSF(l) 


6 


20 £±2.6 


3.7 




PEG. 4500) G-CSF(2) 


6 


-7.5+3.0 


3 1 




<Exp ll> 










vehicle 


5 


-2 3+1,7 


1 0 




control G-CSF 


6 


27.1±4.6 


2 2 


20 


PEG!4500) &-CSF(3) 


6 


54 0±7.2 


4 4 




b 100 uq^Kq 










<Exp l> 










vehicle 


6 


6 .6±0 7 


1.0 




control G-CSF 


6 


18.5+2.3 


2.6 




PEG(4500) G-CSF(1) 


6 


42.9+4,3 


6,5 




PEG(4500) G-CSF(2) 


6 


22 6+1 9 


3 4 



EXAMPLE 6 

30 

In VIVO biological assay of PEG (4 000) G-CSF 

Male ICR mice (7 weeks old) were used for m vivo assays for pharmacological activity of PEG (4,000) G-CSF 
obtained in EXAMPLE 4, Samples of the intact human G-CSF and PEG (4.000) G-CSF were intravenously injected into 
mice at a dose of 10 )jg protein/'kc A: 24 hrs atter the injection, blood was collected from orbital vein and tne number 
of neutrophils was countec as in E>;AMPLE 5. The results are shown in TABLE 3 

It has been revealed that PEG (4.000) G-CSF in which the activated PEG is bound through the free carboxyl group 
has also increased the number of neutrophils more than the intact human G-CSF has 

-^c TABLE 3 



45 



Pharmacological activity (in vivo) of PEG (4 000) G-CSF 


Group 


Number of Animals 


Number of Neutrophils (x 10^ / pi) 


Ratio (to vehicle) 


Vehicle 


6 


10.9 ^ 10 


1 0 


G-CSF (control) 


6 


16.4 + 1 4 


1 5 


PEG (4,000) G-CSF 


5 


23 3 +25 


2 1 



EXAMPLE 7 

sc 

Increasing Effects of !=^EG -modified human G-CSFs on mice neutrophils 

Male ICR mice (7 weeKS old) were used for tn vivo assays for pharmacological activity of PEG (4.500) G-CS^ and 
PEG (10 000) G-CSF obtatnec in EXAMPLES 1 and 3. respectively PEG (4.500y G-CSF used here is a hign molecular 
55 fraction from DEAE lon-exchange chromatography of a product obtained in the reaction wherein the mola^ ratio of the 
activated PEG / the free ammo group was fifty (an average molecular weight of 60K. 33K:20°.o 53K:54'^o 80K.27^-o) 
Samples of the human G-CSF. PEG (4,500) G-CSF and PEG (10,000) G-CSF were intravenously injected into mice at 
a dose of 10 j^ig protein/kg At 6 24 32, 4S and 72 hrs after the injection, blood was collected from orbital vein and the 
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numbc^ of noulropniis was countcc as in tXAMPLE 5 excGp: lor using an auto bloioa cell counter CC1 30-A (Toa Modica! 
Electronics Japan) 

As snown in FIG. 2 in the case of the intact human G-CSF the number of neutrophils decreases to a basal level 24 
hrs after the inieclton On the other hand a significant increase of neutrophils was observed over 32 hrs and 43 hrs after 
tne injection fo^ PEG (4.500) G-OSF and PEG (10 000) G-CSF respectively 

Moreover male ICR mice (£ weeks old} were intravenously administered witn the PEG MO 000} G-CSFs obtained 
in EXAMPLE 3 (aj an average moiecjiar weight of 30 K (b) an average molecular weight of 51 K 40H: 5E"c 66K-42% 
at a dose of 10 ug protein/Kg At 24 hours after the injection the number of neutrophils was counteo as in E>:AMPlE 5 
The results are shown in TABLE 4 

TABLE 4 



Pharmacological activity {in vivo) of PEG (10.000) G-CSF 


Group 


Number of Animals 


Number of Neutrophils (x 10^ / 


Ratio (to vehicle) 


Vehicle 


5 


7 4 ^ 0.6 


1 0 


3-CSF 


5 


16 4 -^ 3 1 


2 2 


=>EG(1C.000) G-CSF (a) 


5 


66 9 ^ 10 5 


9 3 


^EG(10 000) G-CSF (b) 


5 


95 e + 6 4 


12 9 
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Beth PEG (10 000: G-C'SF (a) and (D) have inceased the numbe- of neutropnils more than the intact human G-CSF 
has Especially PEG (10.030) G-CS^ witn a nighor extent of the modification showed a more remarkable increase in 
the number of neutropnils just like PEG (4.500) G CSF did. 

2£ EXAMPLE 5 

Effects of PEG-modif.ed human G-CSF on cyclophosphamidc-ingucec neutropenic mice 

Male ICR mice (7 weeks old) were intraperitoneally injected with 200 mg/kg cyclophosphamide (CY) to induce 
3^ neutropenia. Once a aay tor successive 4 days starting from one day after the CY injection, PEG (4.500) G-CSF and 
PEG (iO 000) G-CSP as used in EXAMPLE 7 were intravenously injected into the neutropenic mice at a dose of 10 ^ig 
protein/kg At 6 24 and 45 hrs after the last injection, blood was collected from orbital vein and neutrophils were counted 
as in EXAMPLE 5 

As shown in FIG. 3. PEG-modified G-CSFs have accelerate the recovery from neutropenia induced by the injection 
3^ of cyclophosphamide similar or earlier than the intact G-CSF Especially. PEG (1 0.000) G-CSF has effected a significant 
increase m the numocr of neutrophils 

EXAMPLE 9 

Effects of PEG-modified human G-CSF on 5-F'J-induced neutropenic mice 

Female BDF ^ mice (7 weeks old. JAPAN SLC Co J were intravenously injected with 200 mg/kg 5-FU to induce 
neutropenia At a dose of 10 jjg protein/kg once a day for successive 11 days (PEG-1). for every other day (at day 1. 
3. 5 7 9 and 1 1 PEG-2) and every third day (at aay 14.7 and 10: PEG-3) starting from one day after the 5-FU injection, 
the same PEG (10 000) G-CSF as used in EXAMPLE 7 and the intact human G-CSF were subcutaneously injoctec into 
tne neutropenic mice At day 7 £. 9 10. 11 , 12 14 and 17. blood was collected from orbital vein and neutrophils were 
counted as in EXAMPLE 5 

As shown in FIG 4 it took about 14 days to recover neutrophil counts of mice injected with only 5-FU to a basal 
level On the other hand it took about 11 days and 9 days to recover neutrophil counts of mice injected also with the 
5^ intact human G-CSF anc PEG-1 2 and 3 respectively Thus PEG-modified G-CSFs have accelerated tne recovery 
fromi neutropenia inauced by tne injection of 5-FL earlier than the intact G-CSF Moreover, even witn fewe^ times of 
injection of the PEG-modificd G-CSFs than tne intact human G-CS- tne same phenomena as the above could be 
obsenyed 
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Acute toxicity of PEG-modifiGc human G-CSF 

£■ K/iaie and female Slc:iR mice (5 weeks old) groups consisting 6 mice each were intravenously aaministered witn 

tne same ^EG i4,500: G-CSF and ^EG (lO 000} G-CS^ as usee in EXAM^^E 7 as wel as vehicles a: a dose ol ^2 
ml/KC General conditions and sun/ival ot the treated mice were obsen/ed as often as possible tor 6 nrs immediately 
afte- administration anc once a aay fo^ tne following 14 days The body weight was checked at the aay of injection 5 
5 :2 and 15th days Surviving mice were bled to death under etner anesthesia anc subjected to pathologic autopsy 

As showr^ in TABLE 5 no mouse died for tne oDscrvec penoc LD 50 tor both PEG (4,500i G-CSF and PEG (lO 000; 
G-CS- was estimated over 3,000 ug protein/kg in ooth male anc female mice. No remarkaDle change in general con- 
dition body weight or opinion of the autopsy was observed for PEG (4.500) G-CSF or PEG (10 000) G-CSF These 
results may suggest that the acute toxicity of PEG-moditied human G-CSF is ver^ weak, as the intact human G-CSF is 



11 



EP 0 401 384 B1 




12 



EP 0 401 384 B1 



EXAMPLE ^1 

Determination of half-life of PEG-modified hG-CSF 

MaiG Sprague-Dawiey rats (7 weeks old) were used for study of pharmacokinetics of the intact human G-CSF and 
PEG (10.000) G-CSF prepared in EXAMPLE 3 Samples were intravenously injected into rats at a dose of 100 jag 
protein/kg At 10 mm 2 4 B. 24 and 45 hrs after the injection, aoout 6 -1 ml of blood of each of three rats was collected 
from abdominal aorta into a polypropylene tube of about 15 ml volume and centrifuged (IB 000 x g) at 4°C for 5 mm to 
prepare a serum fraction. An amount of the active human G-CSFs contained m the serum fraction was determined by 
a bioassay for proliferation induction of mouse bone marrow cells on the basis of incorporation of ^H-thymidine (Ralph 
et a! Blood 65 pp. 633-639 (1 9S5}) The time course of serum concentration ts shown m FIG 5 The results indicate 
that the half lives of the intact human G-CSF and PEG (10,000) G-CSF are 1.79 hrs and 7.05 hrs, respectively, and 
AUCs are also 2.000 ng protein hrs/mi and 15.1 95 ng protein hrs/ mL respectively. Accordingly, it is demonstrated that 
tne clearance rate of PEG (10 000) G-CSF in the body has been decreased more than that of the mtact human G-CSF 
has 

Industrial Applicability 

It ts expected that the present PEG-modtfied human G-CSF may make a great contribution to the treatment with 
human G-CSF because it has a neutrophils-mcreasing activity much more lasted than that of the intact human G-CSF, 
enabling fewer numbers of administration with a lower dose 

Claims 

1. A chemically-modified protein prepared by binding polyethylene glycol to a polypeptide characterized by being the 
product of expression by a host cell of an exogenous DNA sequence and substantially having the following ammo 
acid sequence, through a carboxyl group of the amino acid(s) of the polypeptide. 



35 



13 



EP 0 401 384 B1 

[ H e t J n 

T h r Pro Leu G I y Pro Ala S e r S e r Leu Pro G i n 

S e r P h e Leu Leu L y s C y s Leu G 1 u Gin V a I A r g 

Ly s I I e G 1 n G 1 y Asp G I y A l_a A I a Leu G I a G I u 

Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro 

' G 1 u G 1 u Leu V a I Leu Leu G i y His S e r Leu G 1 y 

lie Pro T r p Ala Pro Leu S e r S e r Cys Pro S e r 

G I n A 1 a L e J Gl n L e u A I a G I y C y s L e u S e r G I n 

... Leu His Ser Gly Leu Phe Leu Tyr Gin Gly Leu 

Leu Gin A ! a Leu G i u Gly He S e r P r o G I u Leu 

Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp V a I 

A I a A s p h e A 1 a T h r T h r II e T r p G In G 1 n H e : 

r \ G I u Leu Gly Met Ala Pro Ala Leu Gin Pro 

:-r G I - Gly Ala He: Pro Ala Phe A ! a Ser Ala 

- 5 Gin A - g A r g Ala Gly Gly V a ! Leu V a 1 Ala 

^ e - his L 5 -• G I r S e ;- Phe Leu G i u V a 1 S c r T y r 
- - . w : I ^ ft - ' Hi' Leu Ala Gin Pro 

45 

[ n = 0 o - ' ) 

5c 2. The chemically-nnodifiec! protein according to Claim 1 in which at least one aspartic acid or glutamic acic is included 

3. A protein according to Claim 1 or 2 for use as a medicament 

4. A protein according to Claim 1 or 2 for use in the treatment of neutropenia. 

55 

5. A pharmaceutical composition comprising a protein accordtng to Claim 1 or 2 a pharmaceutically acceptable diluent 
an agent for preparing an isotonic solution and a pH-conditioner 
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PatentansprCiche 

1. Ein chennisch modifizicrtes Protein das hcrgcstcllt wird durch Bindcn von ^otyethylengiycol an ein Polypcptid das 
daduxh gekennzeicnnet is: dafi es das aurcr eine Wr^szelle expnnnierte ProduK*. einer exogenen DNA-Sequenz 
ist unc im wesentlicnen die tolgenae Aminosauresequenz aufweis: aurch eine Carboxylgruppe aer Amtnosaure 
(n; des Polypepiias 

( He t ) n 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin. 
Ser Phe Leu Leu Lys Cys Leu Glu Gin Val Arg 
Lys lie Gin Gly Asp Gly Ala Ala Leu Gin Glu 
Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro 
Glu Glu Leu Vai Leu Leu Gly His Ser Leu Gly 
lie Pro Trp Ala Pro Leu Ser Ser Cys Pro Ser 
Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser Gin 
Leu His Ser Gly Leu Phe Leu Tyr Gin Gly Leu 
Leu Gin Ala Leu Glu Gly lie Ser Pro Glu Leu 
Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val 
Ala Asp Phe Ala Thr Thr lie Trp Gin Gin He: 
Glu Glu Leu Gly Hec Ala Pro Ala Leu Gin Pro 
Thr Gin Gly Ala He: Pro Ala Phe Ala Ser Ala 
Phe Gin Arg Arg Ala Gly Gly Val Leu Val Ala 
Ser His L s u Gin Ser Phe Leu Glu Val S c r Tyr 
Ar; Val Leu Arg His Leu Ala Gin Pro{n = o oder i ) 

2. Das chemisch modif;zierle Protein nach Anspruch 1 in denn wenigstens eine Asparaginsaure ode: Glutannnsa jre 
entnaltcn ist 

3. Em ProtGin nach Anspruch 1 odor 2 zur Verwcndung als Gin Medikanncnt 

4. Ein Protein nach Anspruch 1 oder 2 zur Verwendung bei der Behandlung von Neutropenia 
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5. Einc pharmazcutischc ZusammcnsGlzung die cm Protein nach Anspruch ^ Oder 2 cm pharmazcutisch aKzeptables 
Vcrdunnungsmitle,. ein Agens zur Herstellung einer isotonischen ^osung und einen pH-2usatzstof- umfaBt 



Revendications 

^. Proteine nnodifiee chimiquement preparee par liaison ae polyethylene glycol a un polypeptide caractensee en ce 
qu'ollc Gs! Ic oroduil d'oxDrossion par une cellule hote d'une sequence d'ADN oxogcnc et a pratiquennent la 
sequence d'acides amines suivante pa- rin:ermediaire d'un groupe carboxy au ou des acides amines du 
pofypGOtiac 

(Het)n 

Thr Pro Leu Giy Pro Ala Ser Ser Leu Pro Gin 
Ser Phe Leu Leu Lys Cys Leu Glu Gin Va! Arg 
Lys lie Gin Giy A-sp GIy AU Ala Leu Gin Glu 
Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro 
Glu Glu Leu Val Leu Leu Giy His Ser Leu Giy 
lie Pro Trp Ala Pro Leu Ser Ser Cys Pro Ser 
Gin Ala Leu Gin Leu Ala Giy Cys Leu Ser Gin 
Leu His Ser Giy Leu Phe Leu Tyr Gin Giy Leu 
Leu Gin Ala Leu Glu Giy lie Ser Pro Glu Leu 
Giy Pro Thr Leu ASD Thr. Leu Gin Leu Asp Val 
Ala Asp Phe Ala Thr Thr lie Trp Gin Gin Het 
Glu Glu Leu Giy Het Ala Pro Ala Leu Gin Pro 
Thr Gin Giy Ala Het Pro Ala Phe Ala Ser Ala 
Phe Gin Arg Arg Ala Giy Giy Val. Leu Val Ala 
Ser His Leu Gin Ser Phe Leu Glu Val Scr Tyr 
Arg Val LS'J Arg His Leu Ala Gin Pro 

(n = 0 ou 1) 

2. Protoinc modifioo chimiquomcnl suivfint la rGvondication 1 . dans laquollc au moms un acidc aspartique ou un acidc 
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gluiamiquc est incius 

3. Protcinc suivant Ics rcvcndications 1 ol 2 utiiisabie commc mcaicament 

5 4. Proteinc suivant les rovendications 1 ou 2 utilisable aans le traitement de la neutropenie 

5. Composition pharmaceutique connp-'enant une oroteine suivant les revendications ou 2 un diluant acceotabie au 
pom: DC vuc phamacculique un agent pour preparer unc solution isotoniquc c: un agent pou^ ajjsier ie pH 

75 
20 
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